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Background Of the Invention 

[0001] It is believed that a seat of a conventional fuel injector can be attached to a body by placing 
the seat and an orifice disk within the body and crimping a terminal portion of the body to retain the 
seat and the orifice disk within the body. 

[0002] However, the crimping of the seat to the body may cause movement of the seat relative to a 
desired position in the body. Further, the seat, orifice disk, or the body may also distort at a location 
proximate the terminal end of the body. 

[0003] The change in seat location relative to the body may cause the working gap between an 
armature and a pole piece of the conventional fuel injector to be changed, thereby changing the 
desired flow rate. 

[0004] The distortion of the seat may cause the integrity of the sealing surface formed between a 
closure member and the seat to be changed, thereby potentially affecting emission due to leaks 
during a closed configuration of the fuel injector. 

[0005] The distortion of the seat and/or the orifice disk may cause the fuel spray pattern and 
targeting to be unsuitable (e.g., insufficient atomization or inappropriate spray pattern) in the 
manifold or in the intake port of the engine. 

[0006] Thus, it would be desirable to attach the seat to a body without the potential shortcomings of 
the conventional fuel injector. Moreover, it would be desirable to maintain symmetry of the seat 
and/or the orifice disc with respect to a longitudinal axis. 
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Summary of the Invention 

[0007] The present invention provides for, in one aspect, a fuel injector. The fuel injector 
comprises a housing, a body, and an armature assembly. The housing has a passageway extending 
between an inlet and an outlet along a longitudinal axis with a body proximate the outlet. The 
armature assembly is disposed in the body and has a closure member. The seat assembly is 
disposed in the body. The seat assembly includes a flow portion and a securement portion. The 
flow portion extends along the longitudinal axis between a first surface and an orifice disk retention 
surface at a first length. The flow portion has a seat orifice extending therethrough and an orifice 
disk coupled to the orifice disk retention surface so that the orifice plate is aligned in a fixed spatial 
axial orientation with respect to the flow portion. The securement portion extends along the 
longitudinal axis away from the orifice disk retention surface at a second length greater than the 
first length. 

[0008] In yet another aspect, the present invention provides for a method of maintaining a fixed 
spatial axial orientation of a seat and an orifice disk in a body that extends along a longitudinal axis. 
The method can be achieved by disposing the seat and the orifice disk in a valve body of the valve 
subassembly in a fixed spatial axial orientation; and welding the seat to the valve body so that the 
fixed spatial axial orientation is maintained with in a tolerance of ±0.5%. 

Brief Descriptions of the Drawings 

[0009] The accompanying drawings, which are incorporated herein and constitute part of this 
specification, illustrate an embodiment of the invention, and, together with the general description 
given above and the detailed description given below, serve to explain the features of the invention. 
[0010] Figure 1 is a representation of a fuel injector according a preferred embodiment. 
[0011] Figure 2 is a close up of the outlet end of the fuel injector of Figure 1. 
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Detailed Description of the Preferred Embodiments 

[0012] Figs. 1 and 2 illustrate the preferred embodiment of a fuel injector 100. In particular, the 
fuel injector 100 has a housing that includes an inlet tube 102, adjustment tube 104, filter assembly 
106, coil assembly 108, biasing spring 110, armature assembly 112 with an armature 1 12A and 
closure member 1 12B, non-magnetic shell 1 14, a first overmold 116, second overmold 1 18, a body 
120, a body shell 122, a coil assembly housing 124, a guide member 126 for the closure member 
1 12 A, a seat 128, and an orifice disk 130. 

[0013] Armature assembly 1 12 includes a closure member 1 12 A. The closure member 1 12A can 
be a suitable member that provides a seal between the member and a sealing surface of the seat 128 
such as, for example, a spherical member or a needle member with a hemispherical surface. 
Preferably, the closure member 1 12A is a needle with a generally hemispherical end. The closure 
member 1 12A can also be a one-piece member of the armature assembly 112. 
[0014] Coil assembly 120 includes a plastic bobbin on which an electromagnetic coil 122 is wound. 
Respective terminations of coil 122 connect to respective terminals that are shaped and, in 
cooperation with a surround 1 18 A, formed as an integral part of overmold 1 18, to form an electrical 
connector for connecting the fuel injector 100 to an electronic control circuit (not shown) that 
operates the fuel injector 100. 

[0015] Inlet tube 102 can be ferromagnetic and includes a fuel inlet opening at the exposed upper 
end. Filter assembly 106 can be fitted proximate to the open upper end of adjustment tube 104 to 
filter any particulate material larger than a certain size from fuel entering through inlet opening 
100A before the fuel enters adjustment tube 104. 

[0016] In the calibrated fuel injector 100, adjustment tube 104 can be positioned axially to an axial 
location within inlet tube 102 that compresses preload spring 1 10 to a desired bias force. The bias 
force urges the armature/closure to be seated on seat 128 so as to close the central hole through the 
seat. Preferably, tubes 110 and 1 12 are crimped together to maintain their relative axial positioning 
after adjustment calibration has been performed. 

[0017] After passing through adjustment tube 104, fuel enters a volume that is cooperatively 
defined by confronting ends of inlet tube 102 and armature assembly 1 12 and that contains preload 
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spring 110. Armature assembly 112 includes a passageway 1 12E that communicates volume 125 
with a passageway 104A in body 130, and guide member 126 contains fuel passage holes 126A. 
This allows fuel to flow from volume 125 through passageways 1 12E to seat 128. 
[0018] Non-ferromagnetic shell 114 can be telescopically fitted on and joined to the lower end of 
inlet tube 102, as by a hermetic laser weld. Shell 1 14 has a tubular neck that telescopes over a 
tubular neck at the lower end of inlet tube 102. Shell 1 14 also has a shoulder that extends radially 
outwardly from neck. Body shell 122 can be ferromagnetic and can be joined in fluid-tight manner 
to non-ferromagnetic shell 114, preferably also by a hermetic laser weld. 

[0019] The upper end of body 130 fits closely inside the lower end of body shell 122 and these two 
parts are joined together in fluid-tight manner, preferably by laser welding. Armature assembly 1 12 
can be guided by the inside wall of body 130 for axial reciprocation. Further axial guidance of the 
armature/closure member assembly can be provided by a central guide hole in member 126 through 
which closure member 1 12A passes. 

[0020] Surface treatments can be applied to at least one of the end portions 102B and 1 12C to 
improve the armature's response, reduce wear on the impact surfaces and variations in the working 
air gap between the respective end portions 102B and 1 12C. The surface treatments can include 
coating, plating or case-hardening. Coatings or platings can include, but are not limited to, hard 
chromium plating, nickel plating or keronite coating. Case hardening on the other hand, can 
include, but are not limited to, nitriding, carburizing, carbo-nitriding, cyaniding, heat, flame, spark 
or induction hardening. 

[0021] The surface treatments will typically form at least one layer of wear-resistant materials on 
the respective end portions 102B and 112C. These layers, however, tend to be inherently thicker 
wherever there is a sharp edge, such as between junction between the circumference and the radial 
end face of either portions. Moreover, this thickening effect results in uneven contact surfaces at 
the radially outer edge of the end portions. However, by forming the wear-resistant layers on at 
least one of the end portions 102B and 1 12C, where at least one end portion has a surface generally 
oblique to longitudinal axis A- A, both end portions are now substantially in mating contact with 
respect to each other. 
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[0022] The guide member 126, the seat 128, and the orifice disk 130 form a seat assembly that is 
coupled at the outlet end 100B of fuel injector 100 by a suitable coupling technique, such as, for 
example, crimping, welding, bonding or riveting. Preferably, the seat is welded to the body 120. 
The seat 128 includes a flow portion 128A and a securement portion 128B. The flow portion 128A 
extends generally along the longitudinal axis A- A over a first length LI, and the securement portion 
128B extends generally along the longitudinal axis over a second length L2 such that the second 
length is at least equal to the first length LI and preferably greater than LI. Both portions extend 
generally along the longitudinal axis over a third length L3 greater than either one of LI or L2. 
[0023] The flow portion 128 A of the seat 128 defines a sealing surface 128C and a seat orifice 
128D preferably centered on the axis A- A and through which fuel can flow into the internal 
combustion engine (not shown). The sealing surface 128C surrounds the seat orifice 128D. The 
seat orifice 128D is coterminus with an orifice disk retention surface 128E. The sealing surface 
128C, which faces the interior of the body 120, can be frustoconical or concave in shape, and can 
have a finished surface. An orifice disk 130 can be used in connection with the seat 128 to provide 
at least one precisely sized and oriented orifice 130A in order to obtain a particular fuel spray 
pattern and targeting. The precisely sized and oriented orifice 130A can be disposed on the center 
axis of the orifice disk 130 or, preferably disposed off-axis, and oriented in any desirable angular 
configuration relative to one or more reference points on the fuel injector 100. It should be noted 
here that both the valve seat 128 and orifice disk 130 are fixedly attached to the body 120 by a 
suitable attachment techniques, including, for example, laser welding, crimping, and friction 
welding or conventional welding. The orifice disk 130 is preferably tack welded to the orifice disk 
retention surface 128E of the seat 128 in a fixed spatial axial orientation to provide the particular 
fuel spray pattern and targeting of the fuel spray. 

[0024] The securement portion 128B of the seat 128 allows a dimensional symmetry of at least 
one of the seat 128 and the orifice disk 130 relative to the longitudinal axis and the fixed spatial 
axial orientation of the seat 128 and the orifice disk 130 relative to at least one of the seat 128 and 
disk retention surface 128E to be maintained even after the seat is secured to the body. The 
securement portion 128B can be attached to the body by a suitable technique, such as, for example, 
tack welding or by bonding. Preferably, the securement portion 128B is secured to the inner surface 
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of the body 120 with a continuous laser seam weld 132 extending from the outer surface through the 
inner surface of the body 120 and into a portion of the securement portion 128B over the entire 
circumference of the body about the longitudinal axis such that the seam weld 132 forms a hermetic 
lap seal between the inner surface of the body and the outer surface of the securement portion 128B. 
Also preferably, the seam weld 132 has its center located at a location over an approximate fourth 
length of L4 along the longitudinal axis of about 50% of the second length L2 from the orifice disk 
retention surface 128E. By locating the seam weld 132 at such a position from the flow portion 
128A, orifice 128D and orifice disk 130, a fixed configuration of the orifice disk 130 (relative to the 
seat 128 prior to their installation in the body 120) is maintained within a tolerance of ±0.5% and 
that the dimensional symmetry (i.e., circularity roundness, perpendicularity or a suitably 
quantifiable measurement of distortion) of the seat 128 or the orifice disk 130 about the longitudinal 
axis A- A is approximately less than 1% as compared to such measurements prior to the seat being 
secured in the body. 

[0025] According to a preferred embodiment, the magnetic flux generated by the electromagnetic 
coil 108 A flows in a magnetic circuit that includes the pole piece 102 A, the armature assembly 1 12, 
the body 120, and the coil housing 124. The magnetic flux moves across a side airgap between the 
homogeneous material of the magnetic portion or armature 1 12A and the body 120 into the 
armature assembly 112 and across a working air gap between end portions 102B and 1 12C towards 
the pole piece 102 A, thereby lifting the closure member 1 12B away from the seat 128. Preferably, 
the width of the impact surface 102B of pole piece 102 A is greater than the width of the cross- 
section of the impact surface 1 12C of magnetic portion or armature 1 12 A. The smaller cross- 
sectional area allows the ferro-magnetic portion 112A of the armature assembly 112 to be lighter, 
and at the same time, causes the magnetic flux saturation point to be formed near the working air 
gap between the pole piece 102 A and the ferro-magnetic portion 1 12 A, rather than within the pole 
piece 102 A. 

[0026] The first injector end 100 A can be coupled to the fuel supply of an internal combustion 
engine (not shown). The O-ring 134 can be used to seal the first injector end 100A to the fuel 
supply so that fuel from a fuel rail (not shown) is supplied to the inlet tube 102, with the O-ring 134 
making a fluid tight seal, at the connection between the injector 100 and the fuel rail (not shown). 
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[0027] In operation, the electromagnetic coil 108 A is energized, thereby generating magnetic flux 
in the magnetic circuit. The magnetic flux moves armature assembly 112 (along the axis A- A, 
according to a preferred embodiment) towards the integral pole piece 102 A, i.e., closing the 
working air gap. This movement of the armature assembly 112 separates the closure member 1 12B 
from the seat 128 and allows fuel to flow from the fuel rail (not shown), through the inlet tube 102, 
passageway 104 A, the through-bore 1 12D, the apertures 1 12E and the body 120, between the seat 
128 and the closure member 1 12B, through the opening, and finally through the orifice disk 130 
into the internal combustion engine (not shown). When the electromagnetic coil 108 A is de- 
energized, the armature assembly 1 12 is moved by the bias of the resilient member 226 to 
contiguously engage the closure member 1 12B with the seat 128, and thereby prevent fuel flow 
through the injector 100. 

[0028] While the present invention has been disclosed with reference to certain embodiments, 
numerous modifications, alterations and changes to the described embodiments are possible without 
departing from the sphere and scope of the present invention, as defined in the appended claims. 
Accordingly, it is intended that the present invention not be limited to the described embodiments, 
but that it has the full scope defined by the language of the following claims, and equivalents 
thereof. 
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